A method and code for calculations of diatomic molecules in the external variable electromagnetic field have been developed. Code applied for calculation of systematics in the electron's electric dipole moment search experiment on ThO H 3 ∆1 state related to geometric phases, including dependence on Ω-doublet, rotational level, and external static electric field. It is found that systematics decrease cubically with respect to the frequency of the rotating transverse component of the electric field. Calculation confirms that experiment on ThO H 3 ∆1 state is very robust against systematic errors related to geometric phases.
evant energy levels can be seen in Figure 2 of Ref. [12] or Figure 3 of Ref. [13] . Provided g-factors for upper and lower Ω-doublet levels are close enough ∆E u and ∆E l remain equal unless both parity and time reversal symmetries are violated. The difference in splitting gives the value for eEDM d e =
, here E eff = 81.5GV/cm [12, 14] is the effective internal electric field. However, there are systematic effects which can give additional energy shifts δ∆E l and δ∆E u for ∆E l and ∆E u which manifest as a false eEDM. This leads to a systematic error δd e (sys) = 4E eff related to one of the Ω-doublet component . One of the effect is the interaction with transverse component of the electric field E(t) = E ⊥ (xcos(ω ⊥ t) +ŷsin(ω ⊥ t)) which appears due to a spatial inhomogeneties in the applied electric field [13] . Let us consider this effect.
The corresponding part of the Hamiltonian iŝ
where
It is more convenient to describe the interaction of the molecule with the quantized electromagnetic fields. The corresponding Hamiltonian iŝ
where a + and a are creation and annihilation operators, V is a volume of the system. To work with Hamiltonian (2) one need to add the quantum number |n >, where
is number of photons. The approach is similar to the formalism outlined in Ref. [10] . For this paper we consider the case E ⊥ << E, such that the additional energy shifts can be calculated in the framework of the second order perturbation theory.
Major contribution to δ∆E u(l) comes from coupling of states with the same J. The most simple is the picture for J=1 state. |J=1, M =1, Ω, n > interact with |J=1, M =0, Ω, n+1 > and |J = 1, M = − 1, Ω, n > with |J, M =0, Ω, n−1 >. Note, thatĤ mol can only couple the states with the same n, whereasĤ int couples the states with ∆n = ±1. Energies of states |J, M =0, Ω, n+1 > and |J, M =0, Ω, n−1 > are different by 2hω ⊥ , and states |J=1, M =1, Ω, n > and |J=1, M = − 1, −Ω, n > by 2µB. This leads to different energy denominators in eqs. (3, 4) and results in different energy shift for |J=1, M =1, Ω, n > and |J=1, M = − 1, −Ω, n >. However, for J=1 level, it was shown in Ref. [13] that (considering the interaction with |J=1, M =0, Ω > states only) provided tensor Stark (∆E ST = E(J,M= ±1,Ω) -E(J, M=0,Ω)) and Zeeman splitting are the same for upper and lower component of the Ω-doublet the AC Stark shifts δ∆E u and δ∆E l will also be equal. This allows one to reject systematic errors due to geometric phases by performing measurements in both Ω−doublet states. However the tensor Stark splittings do not coincide exactly. Also including interaction with other states lift the degeneracy. It is particularly important to include the interaction with the neighbor rotational levels. The latter interaction increases value for δd e (sys) on several orders of magnitude whereasδd e (sys) is almost unaffected by this interaction. See also influence of perturbation by J = 2 level on J = 1 g-factors in Refs. [9, 11, 15, 16] . Tables I and II list the calculatedδd e (sys) and δd e (sys) as a functions of ω ⊥ and E for J = 1 and J = 2, correspondingly. Though for smaller E the E ⊥ value will be smaller as well, for the calculation I take the same E ⊥ = 10mV/cm given in Ref. [13] for all E. Using the fact thatδd e (sys) and δd e (sys) are quadratic functions of E ⊥ the results can be easily recalculated for any E ⊥ . For static magnetic field the value B = 40mG used in the experiment [5] is used. One can see that δd e (sys) is two orders of magnitude larger for J=2 than for J=1 though much smaller than the current limit on d e .
Calculation for ω ⊥ /2π less than 250 kHz is not performed due to the limited computational accuracy. For smaller ω ⊥ one can expect further decreasing ofδd e (sys) and δd e (sys). Each term in Eqs. (3,4) has form
. Retaining terms up to the third order in ω ⊥ we have
Formulae for B u(l) and A u(l) for J=1 are given below. Eq. (5) explains the fact that δ∆E u(l) decreases linerly with small ω ⊥ listed in Tables I and II . Similarly to δ∆E u(l) the major contribution to difference δ∆E l −δ∆E u comes from coupling of states with the same J (terms with J ′ = J in Eqs. (3,4) ). However, important role plays the perturbation by the closest rotational levels which makes matrix elements and denominators for upper and lower components of Ω-doublet slightly different. Let us consider this effect for the simplest case the J=1 level. Without perturbation by the J = 2 level the parameters
and
up to the sign are the same for upper and lower Ω-doublet levels. ∆E ST is positive for upper and negative for lower levels. Note that dipole moment d < 0. Eqs. (5,6) explain the fact that δ∆E u(l) decreases quadratically with E.
Perturbation by J = 2 changes the parameters: 
ST is negative. It decrease (increase absolute value) ∆E ST for upper (lower) Ω-doublet levels. In turn δ 2 ∆E
is positive. It increases (decreases absolute value) ∆E ST for upper (lower) Ω-doublet levels. δ 1(2) B is the correction to B due to the perturbation of the wavefunction
ST , δ 1 B u(l) , and δ 2 B u(l) are correlated in such a way that
Eq. (10) is correct up to the second order in small parameter ∆E ST /∆E rot , where ∆E rot = E(J=1) − E(J=2) is energy difference between the first and second rotational levels. Due to Eq. (10) the linear term in the difference δd e (sys) =
is canceled and δd e (sys), in the leading order, is a cubic function of ω ⊥ for J=1. This behavior can be seen from the data in Table I . Dependence of the δd e (sys) for J=2 level on ω ⊥ has also nearly the cubic character.
The calculations confirm that the experiment on ThO H 3 ∆ 1 state is very robust against systematic errors related to geometric phases. Developed code can be applied for calculation of molecules in an ion trap at presence of rotating field [17, 18] . 
APPENDIX
In the first order in the small parameter
∆E rot is negative, therefore
ST >0. Then retaining terms up to the first order in ∆E ST /∆E rot we have .
As an example, below are the parameters calculated for E = 110 V/cm. 
